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ABSTRACT
A scroll compressor is one of the main components in air-conditioning and heat pump systems. It shows higher
efficiency, lower noise and vibration, and higher reliability in comparison with conventional reciprocating and rotary
compressors. The application of CAE analysis is necessary to effectively design a new type of scroll compressor by
predicting the pressure and heat deformations of main components caused by the gas compression of the refrigerant.
In this study CAE analysis was actively applied to secure the high reliability of main components and to improve
the performance of compressor. A scroll compressor which separates the high pressure from the low pressure by a
fixed scroll was developed. The deflection of the fixed scroll during shrink-fit process of a top cap was minimized
by using CAE deformation analysis. The validity of analytical results was verified by comparing with experimental
results. Furthermore, the optimal contact force between the outer wall surface of a fixed scroll and the inner surface
of a top-cap was calculated by CAE analysis with the change of top-cap thickness in order to prevent the leakage
between two surfaces. The thermal and pressurized deflection of the fixed and orbiting scrolls was analyzed on the
whole operation envelope to select the optimum assembling clearance. And by using stress-analysis a main-frame
component with good safety factor was designed. By effectively applying CAE analysis to various kinds of
components, a low-pressure side scroll compressor with advanced performance and reliability was developed.
Keywords: Scroll compressor, CAE analysis, Shrink-fit, Reliability

1. INTRODUCTION
In recent years, developers of scroll compressor are usually willing to make a more efficient, more reliable and
low-cost compressor. Considering the development time and cost, it is more effective to minimize actual
experiments for verification of components specification.
Many simulation codes and methods for the performance prediction, dynamic analysis of main components,
analysis of the lubrication system including the bearing have been developed.[1-3] The structural analysis and fluid
dynamic analysis are regarded as very important methods.[4-6] The CAE analysis is one of the useful tools that
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provide us with a design guide line that should be kept when we change components or their dimensions. For the
pressure deformation of orbiting scroll and the shrink-fit deformation of fixed scroll, the contact analysis was
applied. In this study, the following four major tasks were accomplished. First, main dimensions of fixed scroll
were determined to minimize the wrap deformation caused by shrink-fit process between a fixed scroll and a top-cap.
Second, the top-cap thickness was optimized to prevent the leakage through the shrink-fitted region. Third, the
optimum assembling clearance were selected to prevent axial directional wear caused by thermal and pressure
deformation of scroll members. Fourth, a supporting structure was designed to secure the safety of a new shape of
the main frame component. Finally, the stress of orbiting scroll boss was analyzed to determine design limits for a
guarantee of the sufficient boss strength.

2. STRUCTURE OF LG SCROLL COMPRESSOR
Figure 1 shows the structure of scroll compressor used for CAE analysis study. The cooling capacity of the
compressor is 23.7 KW. HCFC22 is used as a refrigerant. This compressor mainly consists of a fixed scroll, an
orbiting scroll, an Oldham's coupling ring, a crank shaft and frames. In order to decrease the leakage during the
process of compression, the tip seal was chosen for axial sealing and driving bush for radial sealing. The
compression chambers of a scroll compressor consist of a pair of scroll wraps having 180° phase difference. The
wraps are placed eccentrically and, thus several pairs of crescent-shaped compression chambers are formed. The
utmost outer compression chambers are moved toward the center while the orbiting scroll orbits around the fixed
scroll, and the volume reduces continuously and the pressure in it rises. A pair of compression chambers is merged
together and the compressed gas is discharged through a discharge port at the center of the fixed scroll. Oil stored in
the bottom of compressor is pumped to the higher part of shaft by the centrifugal oil pump. And it is supplied to the
journal bearing and thrust bearing of the main frame. Some of the oil in the thrust bearing of the main frame is
supplied to the compression chamber for lubricating scroll members and remaining oil returns to the oil-sump at the
bottom of compressor. This scroll compressor separates high pressure from the low pressure with fixed scroll. In this
structure, fixed scroll is assembled by shrink-fit process with top-cap and the region of shrink-fit separates high
pressure from low pressure.

3. STRUCTURE DESIGN USING CAE ANALYSIS
3.1 Structural Analysis for a Separation of High Pressure and Low Pressure
When the fixed scroll is shrink-fitted, there is a problem that an initial deformation occurs at the fixed scroll wrap.
The shrink fitting refers to fitting a component into a slightly smaller cavity. Due to normal forces that develop at the
interface, the inner component shrinks while the outer component expands. The amount of shrinkage and expansion
are determined by the material properties, loads, restraints as well as the geometry of the components.
This deformation may cause the wrap contact of the orbiting scroll and fixed scroll, which reduces the efficiency
and reliability of a compressor. A deformation analysis using the shrink-fit method was applied to analyze the
deformation of a shrink-fit process and to reduce the amount of shrinkage of the fixed scroll with changing main
dimensions. The shrink-fit method is one of the surface contact analysis. This contact condition allows us to
simulate shrink-fit problems. Considered main dimensions of the fixed scroll (ⓐ, ⓑ, ⓒ) are shown in Fig.2(a). In
order to verify the exactness of analytical results, the experiment to measure the wrap deformation during shrink-fit
was conducted and the deformation of the fixed scroll wrap was directly measured. Fig.2(b) shows the number of
measuring points. Fig.3 shows the analytical and the experimental results for the radial deformation of fixed scroll
during shrink-fit process. During the shrink-fit process, the fixed scroll is shrunk and the shell is expanded by the
normal contact force. The shrinkage of the fixed scroll forces the scroll wrap to deform in radial direction mainly.
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The analytical results show a little larger than the experimental results, but generally, the deformation tendency and
the position of maximum deformation are very similar. It is found that the selected method for analysis predicts the
shrink-fit deformation reasonably. Fig.4 shows analytical results that optimize the main dimensions of fixed scroll to
minimize the shrink-fit deformation. As a result, in the CASE3 the maximum radial wrap deformation of the fixed
scroll is reduced about 15%, but the weight is slightly increased about 17%. The optimized dimension ratio of ⓐ:
ⓑ: ⓒ is 1:4:3.75.

3.2 Thermal and Pressure Deformation of Scroll Wraps
Figure 5 shows the analytical results of the thermal and pressure deformations of scroll wraps in axial direction.
The axial thermal deformation of the fixed scroll increases downward ((-) direction), but in case of the orbiting
scroll the deformation increases upward with the change of the scroll involute angle. Boundary conditions for
convection between wrap and compressed refrigerant gas were applied to calculate thermal distribution of scroll
wrap and then this calculated thermal distribution was used to analyze the thermal deformation. For the analysis of
pressure deformation, the pressure of compression chambers is used as the boundary condition. The temperature of
the compressed refrigerant gas, convection coefficients and pressure of each compression chamber are calculated
with the scroll compressor simulation code. The compression process was calculated on the assumption of isentropic
process and the convection coefficient was calculated on the average with the involute angle using the equation of
the fully developed turbulent flow through a rectangle pipe. Especially, for the pressure deformation analysis of
orbiting scroll wrap, we make the mesh model of the thrust surface of main frame and the crank pin to consider the
contact of both components. Fig.6 shows deformation contour plots caused by the pressure of the compressed
refrigerant gas. The orbiting scroll wrap is deformed in horizontal and axial direction by the tangential gas force.
The orbiting scroll plate is deformed to a complex shape by the axial gas force, wrap deformation and the contact
restraints of the main frame and the crank pin. The fixed scroll plate is deformed downward by the pressure of the
discharge chamber. Also, the fixed scroll wrap is deformed in horizontal direction by the tangential gas force. Fig.7
shows the total axial deformation that means the sum of the thermal and pressure deformation. The wrap of the
orbiting scroll is deformed downward by pressure but total deformation of the wrap at the central area is about
18 ㎛ upward because the thermal deformation is large. From the analytical results, the assembling axial clearance
of scroll members was determined to prevent the wrap fracture caused by the wrap contact. In this study, the
calculated assembling clearance at the central area of scrolls should be over 75 ㎛.

3.3 Top-cap Thickness and Interference Dimension of the Shrink-fit
High pressure refrigerant gas at the discharge chamber is sealed by normal contact forces that develop at the
interface of the shrink-fit. In the overload condition, a contact pressure of the fixed scroll and the top-cap may
decrease because a top-cap is expanded in radial direction due to the high pressure inside the top-cap. For this, the
discharged refrigerant gas can leak out to the low-pressure side. So it is necessary to determine the top-cap thickness
and the interference dimension of the shrink-fit. With the shrink-fit method using the discharge pressure as a
boundary condition, we analyzed the contact pressure of the fixed scroll shrink-fitted with the top-cap. The
analytical result is verified by the experimental result measuring the amount of leakage. Fig.8 shows the distribution
of contact pressures of the shrink-fitted perimeter nodes with various parameters. The shrink-fit dimension and the
top-cap thickness become larger, the contact pressure becomes higher. Table 1 shows the parameters of each case
and experimental results. In the same top-cap thickness, shrink-fit dimension becomes larger, the amount of leakage
decreases. But, if the shrink-fit dimension and top-cap thickness increase, the wrap deformation of the fixed scroll
increases because of the large contact pressure. Considering the fixed scroll wrap deformation caused by shrink-fit
and the sufficient contact pressure to keep discharge refrigerant gas from leaking, CASE B was selected for the
optimum design.
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3.4 Structural Analysis of a Main Frame
A main Frame is the main component to support loads of axial gas forces of compression chambers, reaction
forces of main bearing and motions of orbiting scroll. Because the fixed scroll separates the high pressure side and
low pressure side, the main frame should support the force acting on the fixed scroll plate. This force is caused by
the pressure difference of the fixed scroll’s both sides.
The CAE analysis was applied to calculate deformation and stress of the main frame. And we concluded that the
proposed structure is not enough with only a welding support. In addition to the welding support, we designed a new
structure which is supported by perimeter of a shell end as shown in Fig.9(a). Analysis was accomplished with the
contact method including the shell, the main frame and the fixed scroll. The analytical result was verified by a limit
load experiment and a guide line of proper stress and deformation. The calculated gas force at overload condition
was applied to the CAE model. In the experiment verification, a load was applied to the fixed scroll assembled with
the main frame and the shell for measuring the limit load of fracture. Fig.9(b) shows the analytical results of the
main frame which is supported by shell and welding. In the Table 2, the stress and deformation are compared with
classified supporting types. The limit load ratio of breaking experiment is shown also. The maximum stress of a new
main frame supported by welding only is calculated up to 73% increase. In the results of breaking experiment, the
fracture occurred at the load of 35% in comparison with the guide limit.

3.5 Structural Analysis of an Orbiting Scroll Boss
The orbiting scroll is driven by crank-shaft through its boss, which must support a tangential and a radial gas
forces generated by compression chambers. It should not be fractured at the over load condition.
To improve strength of the orbiting scroll boss, a wall thickness of the boss and a fillet radius of the edge formed
by the orbiting scroll plate and the boss end should be increased. Because these two dimensions have relation to
inner size of the thrust bearing on the main frame, there is a limitation. When the height of the boss becomes
decreased, the strength to support a bending moment becomes increased. But the journal bearing area becomes
decreased.
In this study, the wall thickness of the boss was increased under a certain limitation and the fillet radius of the
boss edge was changed to check the variation of the boss stress. A FEM model without scroll wraps was considered
to simplify the analysis problem and to concentrate on the boss stress. But shapes of the compression chambers were
modeled on the orbiting scroll plate to consider the pressure of them and the tangential gas force on the scroll wrap
was applied with the remote load method. The remote load method can be used for considering the force acting on
the omitted part. The thrust bearing of the main frame and a crank pin part were modeled by the same method as the
pressure deformation analysis of the orbiting scroll and the contact boundary condition was also the same.
Figure 10 shows boundary conditions and the analytical result of stress, and Fig.11 shows the maximum boss
stress of a previous model and a developed model with varying the fillet radius. In comparison with the previous
model, because of the thick boss wall and a shape difference of central parts of the plate, the developed model shows
a different characteristic of the stress variation. When the fillet radius is above 1.5 mm, the developed model has
higher strength than the previous model.

4. CONCLUSION
By using the CAE analysis and minimum set of experiments, main dimensions of the fixed scroll were determined
to minimize the deformation of radial direction caused by the shrink-fit process. With the contact analysis to
consider a assembly of the main frame, the crank pin and the orbiting scroll, pressure deformation of the orbiting
scroll was calculated. For the reliability, the optimum assembling axial clearance was selected to prevent the axial
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directional wear caused by the thermal and pressure deformation of scroll members. Top-cap thickness and shrink-fit
dimension were optimized to prevent the leakage caused by the deformation of the top-cap. The main frame
designed to be supported by the shell and the welding was verified for the possibility of an application by the CAE
analysis and the experiment. And the design guide was determined to assure the sufficient strength of the orbiting
scroll boss. The CAE analysis was effectively applied to design main components in points of the reliability.
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Fig.1 Structure of scroll compressor

Fig.2 Diagrams of the fixed scroll

International Compressor Engineering Conference at Purdue, July 17-20, 2006

C051, Page 6

0.04

Radial Wrap Deformation [mm]

Radial Wrap Deformation [mm]

0.04
0.02
0.00
-0.02
-0.04

Simulation

-0.06

Measurement

0.02
0
-0.02
-0.04

CASE1
CASE2
CASE3

-0.06
-0.08

-0.08
0

1

2

3

4

5

6

7

8

9

10

11

12

0

13

1

2

3

4

5

Fig.3 Radial wrap deformation by shrink-fit process

7

8

9

10

11

12

13

Fig.4 Optimization of the radial wrap deformation
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Fig.5 Thermal and pressure deformations of the scroll wraps
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Fig.6 Analytical results of scroll wraps about the pressure deformation
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Table 1 Shrink-fit dimension and top-cap thickness (Ratio)

A
B
C
D
E
F
Fig.8

Shrink-fit
Dimension

Top-cap
Thickness

1
3
5
1
3
5

1
1
1
1.25
1.25
1.25

Contact pressure between fixed scroll and top-cap

(a)

(b)
Fig.9 CAE analysis of the main frame
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Experiment
Result
(Leakage Ratio)
100 %
21 %
3%
-
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Fig. 10

Boundary condition and result of stress

Maximum Stress [MPa]
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60
40
Developed model

20
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0
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Fig.11
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Maximum stress of orbiting scroll boss

Table 2 Stress and axial deformation of the main frames
Main Frame Type

Supporting Type

Comparative value
Developed Model #1
Developed Model #2

Welding
Welding
Welding+shell support

Maximum Stress
(MPa)
162.0
280.1
172.3

Axial Deformation
(㎛)
12.0
20.8
12.8

Experiment Result
(Limit Load)
100%
35%
96%
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